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 Preventing healthcare-associated infections (HAI) is a national priority. The Centers for 
Disease Control and Prevention estimates that one of every 25 hospitalized patients contract a 
HAI while receiving care. In 2009, the annual cost for HAIs in United States’ hospitals was 
estimated to be $40 billion, and there were 99,000 HAI-associated deaths. In nursing homes 
(NH), the situation is more dire; among the 4 million NH residents each year, there are 1-2.6 
million serious infections and 1 out of every 3 NH residents is colonized with a multi-drug 
resistant organism. In addition to the frequent infections, over prescription of antibiotics in NH is 
significant, and frequently inappropriate. NH residents with HAIs are subjected to burdensome 
treatments and diagnostic procedures, leading to more complications in an already vulnerable 
population in which quality of life not life prolongation is often the treatment goal.  
Policy levers are actions designed to realize health objectives that can be taken by either 
public or private entities, and by individuals or groups. Health policy levers are deployed at all 
levels including federal, state, regional, and local levels. Vaccinations, such as polio, are one of 
the great success stories of how policy levers can prevent infections. However, undermined and 
eroded policy levers can have negative public health consequences, such as seen with the 2018-
2019 rash of measles outbreaks. There is much work left to be done improving quality related to 
infections across all care settings.  
For this dissertation, I utilized the three-paper format and conducted studies examining 
the effectiveness of health policy levers used to improve healthcare quality and prevent 
infections across care settings. These studies were: 1) a systematic review of the published 
 
 
evidence on state mandatory reporting of HAI in hospitals; 2) an environmental scan cataloging 
state supported initiatives in NH infection prevention, and; 3) a quantitative analysis on the effect 
of new federal NH regulations on NH quality and patient outcomes.  
In the systematic review, I found that mandatory reporting was associated with reduced 
central line associate bloodstream infection rates. The environmental scan demonstrated that 
wide variation existed between states’ initiatives to support infection prevention in NH.  In the 
quantitative analysis, I found that new federal regulations were significantly associated in 
improved NH quality in UTI rates and vaccination rates for influenza and pneumonia infections. 
Based on these results, clinical providers, administrators, policy makers and researchers can use 
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Chapter 1: Background 
This chapter will provide the background and organization of this 3-paper dissertation. 
Firstly, a summary of health policy levers, their operational definition for this dissertation, and 
the intersection of health policy and quality in preventing infections will be detailed. Secondly, 
the nursing home (NH) facility and resident characteristics will be described. Thirdly, three 
health policy levers with implications for improved quality and infection prevention will be 
highlighted: mandatory reporting, state level support of NHs, and federal policy designed to 
improve quality. Finally, the specific aims along with titles and corresponding chapters, the 
dissertation’s guiding conceptual framework, significance, and its relationship to the supporting 
grant are detailed.  
Health Policy Levers 
Health policy levers are actions designed to realize health objectives that can be taken by 
either public or private entities, and by individuals or groups (Mason, Leavitt, & Chaffee, 2012; 
World Health Organization, 2018). Health policy levers are deployed at all levels of government 
including federal, state, regional, and local levels. Health objectives can include outlining new 
concepts or directions in healthcare, specific goals, priorities, and even driving collaboration and 
consensus among stakeholders (Mason et al., 2012; World Health Organization, 2018). For the 
purposes of this dissertation, health policy levers are broadly defined to include the laws, 
regulations, and activities resulting from regulation.  
NH health policy  
The quality of care in NHs is largely defined and guided by the policy and regulation of 
certification requirements at the federal and state levels (Castle & Ferguson, 2010). In other 




federal and local policies. The state will certify either compliance or noncompliance and may 
also specify deficiencies and as needed recommend enforcement action. Citations fall into four 
categories according to the presence of immediate jeopardy to potential and scope, from isolated, 
patterned to widespread; these are ranked from “A” (lowest severity) to “L” (highest severity) 
(Centers for Medicare and Medicaid Services, 2018). Therefore, one method of establishing the 
quality of a NH is the outcome of a state survey, more citations and more severe citations reflect 
lower quality. Furthermore, Centers for Medicare and Medicaid Services (CMS) has developed a 
5-star rating system for NH quality that is calculated based on citations, staffing and quality 
measures and then standardized yearly (Centers for Medicare and Medicaid Services, 2018). 
Because the 5-star rating is standardized yearly based on aggregated national NH performance 
this rating is not appropriate for evaluating quality over multiple years.  
Quality and Infection Prevention 
Healthcare associated infections (HAIs) have historically been and remain a significant 
cause of morbidity and mortality in acute care hospitals in the United States (U.S.) (U.S. 
Department of Health and Human Services, 2013). The Centers for Disease Control and 
Prevention (CDC) estimates that one of every 25 U.S. hospitalized patients contracts a HAI 
while receiving care, and central line blood stream infections (CLABSI) have one of the highest 
mortality rates (Centers for Disease Control and Prevention, 2016). The U.S. annual hospital cost 
for all HAIs in 2009 was estimated to be $40 billion, and there were an associated 99,000 deaths 
(Scott II, 2009). Globally, HAIs occur in 60% of intensive care unit (ICU) patients in lower 
income countries compared to 30% in high-income countries (World Health Organization, 
2011). Patients with HAIs are subjected to additional treatments, diagnostic procedures, and 




Angelis, Murthy, Beyersmann, & Harbarth, 2010; Rahmqvist, Samuelsson, Bastami, & Rutberg, 
2016).  
The current state of quality in NH residents remains suboptimal (Institute of Medicine, 
1986a, 2001a). One to 2.6 million serious infections occur annually in NH residents (Herzig et 
al., 2017; Strausbaugh & Joseph, 2000a). While all HAI are largely preventable, a 2014 report 
estimates 51.7% of NH infections resulting in an adverse or temporary harm to the resident were 
preventable (CMS Survey and Certification Group, 2016; Office of Inspector General, 2014; 
Umscheid et al., 2011). One of the most common causes of mortality in NH is infection; the most 
common is a urinary tract infection (UTI) (Flory et al., 2004; Herzig et al., 2017; Montoya & 
Mody, 2011) followed closely by respiratory infections, with pneumonia being the leading 
infectious cause of death (Herzig et al., 2017; Montoya & Mody, 2011; Strausbaugh Joseph, 
2000). Notwithstanding the frequent infections, over prescribing antibiotics in NH is significant, 
and frequently inappropriate (Loeb et al., 2001; McMaughan et al., 2016; Rotjanapan, Dosa, & 
Thomas, 2011). Over prescription and inappropriate use are further associated with risk for 
Clostridium difficile infection (CDI), drug interactions, averse events, including the development 
of a  multidrug-resistant organism (MDRO) (Fisch et al., 2012; Min, Galecki, & Mody, 2015) 
One out of every three NH residents is colonized with a MDRO; colonization is associated with 
developing a HAI (Fisch et al., 2012; Flory et al., 2004; Herzig et al., 2017; Katz & Roghmann, 
2016; van Buul et al., 2012). Not only is additional infection or colonization with an MDRO a 
risk for transmission to other residents and providers but NH residents are already encumbered 
with diminishing abilities and frailty, conditions that increase the likelihood of contracting an 
MDRO (Min et al., 2015). The leading recommendation for infection related quality 




application (Benoit et al., 2008; Crnich, Jump, Trautner, Sloane, & Mody, 2015; Feldstein, 
Sloane, & Feltner, 2018; Thompson et al., 2016) 
Nursing Home Residents  
Description and demographics. Nursing homes are residential facilities providing both 
long- and short-term care for those unable to care for themselves. In 2014, there were 15,600 NH 
in the US with 1.7 million licensed beds, of which  55% are chain affiliated (National Center for 
Health Statistics, 2016). The majority of NH facilities (69%) are owned by for-profit entities, 
followed by non-profit (24%), and government owned (6%) (National Center for Health 
Statistics, 2016). Metropolitan areas contain 71% of all NH (National Center for Health 
Statistics, 2016). Over 970,000 full-time employee equivalent hours of nurses and social workers 
are employed in NHs (National Center for Health Statistics, 2016).  
On average, one in every three Americans will spend time in a NH during their life 
(Federal Interagency Forum on Aging-Related Statistics, 2016).  In 2019, on any given day over 
1.3 million residents are living in NH in the United States (National Center for Health Statistics, 
2016). In the coming decades, the NH population, along with other sectors such as home care is 
likely to increase based on the projections for Americans over age 65 to double in size from 35 
million in 2000 to 74 million by the year 2030 (Federal Interagency Forum on Aging-Related 
Statistics, 2016). This projection will result in the percentage of adult’s aged 65 and older 
reaching close to 25% of the total population (Federal Interagency Forum on Aging-Related 
Statistics, 2016).  
The final aim of this dissertation will focus on long-term care NH residents. Long term 
care includes social, nursing, medical, personal and supportive care focused on promoting the 




residents don’t need and receive the aforementioned care elements but that that care will yield an 
improvement and return to independence. In contrast, long term care differs from most other 
health care delivery because it does not seek to cure a resident’s medical conditions for needing 
NH residency. Long term care NH residents are likely to be of an advanced age (41% over 
85y/o) and have multiple comorbid chronic conditions (50% dementia, 48% depression, 32% 
diabetes) (National Center for Health Statistics, 2016). Long term care residents are the focus of 
this aim because they will be the most susceptible to changes in quality as their residency is 
prolonged. Additionally, the greatest need for advocacy should be aligned with those who cannot 
advocate for themselves. In this respect long term care residents are a vulnerable population 
experiencing decreased ability for self-care due to increased age and comorbid conditions. 
  Structural Factors Impacting Quality of NH Care. Previous researchers have 
identified NH facility characteristics that can significantly impact care and quality. In the 
literature the most common indicator of quality is for-profit ownership status, which is 
negatively associated with quality (Comondore et al., 2009; Hillmer, Wodchis, Gill, Anderson, & 
Rochon, 2005; Hirth, Grabowski, Feng, Rahman, & Mor, 2014). Another facility characteristic 
that is associated with quality of care for residents is staffing (Castle & Engberg, 2008; 
Dellefield, Castle, McGilton, & Spilsbury, 2015; Thomas, Mor, Tyler, & Hyer, 2013).  
Researchers generally find that increased levels of registered nurse hours per patient is positively 
associated with higher quality. These NH characteristics are also highly correlated as for-profit 
NH generally have lower registered nurse hours per resident as compared to nonprofit and 
government NHs (Harrington, Olney, Carriollo, & Kang, 2012). Among the facility 
characteristics impacting infection specific quality, the utilization of an antibiotic stewardship 




Thompson et al., 2016). Additionally facility size and location, independent of ownership, 
impact the quality of care a resident may receive (Baldwin, Chenoweth, Dela Rama, & Wang, 
2017; Bowblis, Meng, & Hyer, 2013; Lutfiyya, Gessert, & Lipsky, 2013; Miller, Papandonatos, 
Fennell, & Mor, 2006; Mor et al., 2011; Mukamel et al., 2012; You et al., 2016).  
State Mandatory Reporting  
 Mandatory reporting of HAI is an example of health policy with potential for widespread 
application in the NH sector. States created mandatory HAI reporting policies to improve quality 
of care in acute care hospitals. After years of variation in implementation of these state laws, 
federal mandates were enacted. These mandates to report HAI data, collectively known as 
mandatory reporting, have been summarized into three categories of reporting requirements: data 
submission, public reporting, and facility identification. Data submission is when an 
organization, laboratory, or individual is mandated to report specific types of HAI data either to 
the CDC National Healthcare Safety Network (NHSN) or to a State Department of Health 
(DOH), which has access to the submitted data. Public reporting is when an organization is 
mandated to submit HAI data that are then made available to the public in aggregate (that is 
without the healthcare facility identified). Facility identification is an extension of public 
reporting with the addition of facility level identification (Reagan & Hacker, 2012). While these 
categories define the notable features of mandatory reporting, variations and combinations also 
exist. Among states that have chosen to implement mandatory reporting of HAI in acute care 
settings, the laws and/or regulations guiding these mandates had significant variation. The 
variation includes not only the category of reporting type but also what HAIs must be reported, 
to whom, and under what mechanism (i.e. Notifiable conditions or traditional infection 




Mandatory reporting of HAI in NHs 
We are able to look to health policy used in the acute care sector to improve quality and 
reduce health care associated infections because the parallels occurring now in NH mirror those 
events in acute care 15 to 20 years ago. Acute care saw growing national concern and oversight 
around HAI (CMS Survey and Certification Group, 2016). Initially their HAI data was of poor 
quality. The data collection was sporadic, and both measurements and definitions lacked 
standardized definitions. Nursing homes today are in a similar place, while resident assessment 
data is routinely collected in the Minimum Data Set (MDS) this data has limited collection many 
items are only collected in a 7-day window each quarter (UTI is assessed with a  30-day window 
per quarter) and is the only HAI reported publicly as a quality measure (QM). Additionally, 
while revised McGeer’s criteria are widely utilized, there is no record in the MDS of the 
definitions (NHSN, McGeer’s, Loeb) used by the NH and it remains a facility’s choice. 
Therefore, a gap in the quality of data from NH exists related to being insufficiently specified. In 
this manner mandatory reporting was identified as a policy lever that has potential for improving 
both acute care and NH outcomes and contributing to the culture of data driven inquiry and 
solutions.   
State Policies and HAI plans. Historically the majority of state NH policy revolves 
around survey and certification activities and standards. Each state’s DOH carry out activities 
designed to improve NH quality and address deficiencies of care or certification; an important 
focus has been the reduction of health care associated infections (HAI). Some of these state 
policies are funded by federal mechanisms. For example, in 2009 the Centers for Disease Control 
and Prevention (CDC) made grants available to states to fund HAI reduction activities in all 




participation in data collection through the National Healthcare Safety Network (NHSN), and 3) 
initiation of state level collaboratives. As a component of the grant application each state 
developed and submitted a plan to reduce HAI that is now archived on the CDC website. 
The states’ HAI plans for NH health policy are an auditable source of data. Each 
jurisdiction may have used to HAI plans to express intention to include NH in their efforts to 
reduce HAIs. Additionally, the CDC generates infographics, or state HAI reports, with HAI 
outcomes for each jurisdiction. Each infographic contains an area for that jurisdiction to specify 
target areas (including NH) of efforts for HAI reduction. Each jurisdiction’s DOH is presumed to 
be a source for its residents and health professionals to obtain information and training to 
improve health.  
Federal Policies. The three most recent and substantial changes to policy regulating NH 
were in 1987, 2010 and 2015. The Omnibus Reconciliation Act (OBRA-87) was passed in 1987 
as a result of “shockingly deficient” care (Institute of Medicine, 1986a) and was designed to 
change quality assessment from using structures of care to outcomes of care (Castle & Ferguson, 
2010; Institute of Medicine, 2001a). The OBRA-87 changes were phased in through 1995 and 
included new training standards, more rigorous and standardized surveys of NH, improved 
resident care standards, and implemented the use of the Resident Assessment Instrument (RAI), 
made up of three components, the Minimum Data Set (MDS), Resident Assessment Protocols 
(RAP) and Resident Utilization Guidelines (RUG) (Castle & Ferguson, 2010; Institute of 
Medicine, 2001a; Saliba & Buchanan, 2012).  
The second major change to NH health policy occurred on October 1, 2010, when a new 
assessment instrument, MDS 3.0 was implemented. The MDS 3.0 is a comprehensive resident 




and annually. It consists of approximately 300 items and is either coordinated or completed by a 
specially trained registered nurse (Centers for Medicare & Medicaid Services, 2016a; RTI 
International, 2012; Saliba & Buchanan, 2008). The new MDS improved the relevance, 
reliability and validity of scores from the 2.0 version and now includes direct resident interview 
elements (Saliba & Buchanan, 2008, 2012; Thomas, Wysocki, Intrator, & Mor, 2014). 
Finally, in 2015, CMS created a significant update to the regulations for certification of 
NH. Identified by the part and subsection of the law that addresses NHs, 42 CFR Part 483 
subsection B is code of federal regulations commonly referred to as the CFR (Centers for 
Medicare & Medicaid Services, 2016a). This was a major update of OBRA-87. The overarching 
goals of the CFR is to improve the quality of care and safety of NH residents (Centers for 
Medicare & Medicaid Services, 2016a). The changes are to be implemented in three separate 
phases occurring on November 28 in 2016, 2017, and 2019 (Centers for Medicare & Medicaid 
Services, 2016a). Phase 1 mandated (among other things) that each NH have an infection control 
program as well as a quality assurance and performance improvement (QAPI) committee 
(Centers for Medicare & Medicaid Services, 2016a). Phase 2 necessitated that each NH’s 
infection control program implement antibiotic stewardship for their facility (Centers for 
Medicare & Medicaid Services, 2016a). Phase 3 requires full implementation of the QAPI plan 
and stipulates the integration of an infection preventionist with specialized training as part of the 
infection control program (Centers for Medicare & Medicaid Services, 2016a).  
Nursing Home Compare. Nursing Home Compare is free, publicly available data on 
NH provided by CMS. It is designed to allow potential and current NH residents, families as well 
as other stake holders to assess the quality of a NH. For each NH, Nursing Home Compare 




understand summary of the data. The information comes from three primary sources. The CMS 
health inspection database provides the NH characteristics. The MDS details the quality 
measures (QM) and the payroll system contains total and RN staffing hours. Among the reported 
QM, 13 long stay resident QM and 5 short stay resident QM have remained consistently 
reported. The long stay QM (Table 1) contain 8 outcome and 5 process measures. Each QM is 
reported as a percentage of the total residents in the facility. These data are valid and reliable and 
are frequently used in research that has analyzed NH quality (Castle & Ferguson, 2010; Manard, 




Table 1: Nursing Home Compare Long Stay Quality Measures Consistent Across Study Years 
Description of Measure Type Included in 5-
star rating 
Percentage of long-stay residents whose need for help with daily 
activities has increased 
Outcome Yes 
Percentage of long-stay residents who self-report moderate to severe 
pain 
Outcome Yes 
Percentage of high risk long-stay residents with pressure ulcers Outcome Yes 
Percentage of long-stay residents who lose too much weight Outcome No 
Percentage of low risk long-stay residents who lose control of their 
bowels or bladder 
Outcome No 
Percentage of long-stay residents with a catheter inserted and left in 
their bladder 
Process Yes 
Percentage of long-stay residents with a urinary tract infection Outcome Yes 
Percentage of long-stay residents who have depressive symptoms Outcome No 
Percentage of long-stay residents who were physically restrained Process Yes 
Percentage of long-stay residents experiencing one or more falls with 
major injury 
Outcome Yes 
Percentage of long-stay residents assessed and appropriately given 
the seasonal influenza vaccine 
Process No 
Percentage of long-stay residents assessed and appropriately given 
the pneumococcal vaccine 
Process No 
Percentage of long-stay residents who received an antipsychotic 
medication 
Process Yes 






 Improving the quality of care and preventing infections is a national priority. NHs are 
important healthcare facilities, caring for over 3 million residents a year. Infection prevention 
ranks among the most important of all priorities for nursing home quality improvement as 
infections are a leading cause of death among nursing home residents. Additionally, infections 
are frequently preventable when using best practices and best evidence (Crnich et al., 2015; 
Montoya, Cassone, & Mody, 2016; Thompson et al., 2016; Umscheid et al., 2011). The 
variations that exist among current infection prevention practices at the NH facility, regional and 
state levels as well as between parallel health sectors are reflected in gaps in the literature. To my 
knowledge, there are three important gaps that were addressed by this dissertation: first, the 
impact of acute care reporting mandates on HAI is not known, and there is also concurrently 
quality and quantity limited HAI reporting in NH. In addition, the variation in state initiatives 
supporting NHs HAI efforts is not known.  Finally, while national CFR changes have been 
implemented, its effect (on infection rates) has not been established. By investigating these gaps, 
nurse researchers can partner with residents, caregivers and other stakeholders who need access 
to the best policies and practices to design and implement evidence-based policy levers. 
Specific Aims 
This dissertation aims to address three gaps in the use of policy levers to improve quality 
and prevent infections. Specifically, these include: lack of synthesis of the evidence on 
mandatory reporting policy levers used at the state level, no cataloging of state supportive and 




Aim 1: Understand the evidence base of state mandatory reporting of HAI in acute 
care hospitals. To meet this aim, a systematic review of published evidence was 
conducted.  
Aim 2: Examine the variation in state DOH activities related to HAI prevention in 
nursing homes. To meet this aim, an environmental scan of CDC and DOH websites for 
50 states and the District of Columbia was conducted. 
Aim 3: Examine the impact of Phase 1 of the new CFR implementation on four 
infection specific quality measures: 1) Percentage of eligible residents receiving 
Influenza Vaccination (flu); 2) Percentage of eligible residents receiving Pneumococcal 
Vaccination (pneumonia); 3) Percentage of “long-stay residents with a catheter inserted 
and left in their bladder” (catheter); and 4) Percentage of  “long-stay residents with a 
urinary tract infection” (UTI) across US nursing homes. To meet this aim, I will conduct 







Table 2: Dissertation Aims, Chapter, and Manuscript Titles  
Dissertation Aims Chapter Title 
Aim 1: Understand the evidence base of state 
mandatory reporting of HAI in acute care hospitals 
2 A Systematic Review of the Impact 
of Mandatory Reporting of CLABSI 
 
Aim 2: Examine the variation in state DOH 
activities related to HAI prevention in nursing 
homes 
3 An Environmental Scan of State HAI 
Prevention Initiatives in Nursing 
Homes 
 
Aim 3: Examine the impact of Phase 1 of the new 
CFR implementation on four infection specific 
quality measures 
4 Changes in Nursing Home Quality 




 This dissertation is guided by the Donabedian Model of Quality (Donabedian, 2005). 
According to Donabedian there are three constructs: structure, process and outcome (Ayanian & 
Markel, 2016; Castle & Ferguson, 2010). Structures and processes in turn influence outcomes. 
Structures are defined as the physical and organizational characteristics where healthcare occurs. 
While the structure is traditionally composed of administrative and fiscal organization elements, 
it is also populated by resident or patient characteristics (Donabedian, 2005). The process of care 
construct is described as how the care is delivered: hands are washed, guidelines are followed 
etc. In the original descriptions provided by Donabedian, the process construct can be summed as 
the provision of “good” healthcare delivery. Outcomes are the results of care i.e. health goals 




Figure 1 illustrates how this framework is applicable to each of the aims. Broadly, health 
policy levers are interventions or processes implemented with the intention of changing 
outcomes. While policy levers can be designed to have impact on either the structures (e.g. 
zoning laws, business tax regulations) or processes of care, in this dissertation the evaluated 
policy levers are designed to impact the processes of care, as shown in figure 2. Therefore, 
policy levers can be seen as the macro level of the construct process, with the delivery of direct 
care as the micro level. This construct contains the independent variables of this dissertation. 
Structures contain potential confounders, and the dependent variables fit within outcomes. 
Mandatory reporting is the process of interest in aim1, outcomes are the HAI rates, and no 
structures were evaluated in this systematic review. Aim 2 is a scan of state level activities 
including collaboratives and DOH training materials, these are the processes states undertake to 
reduce HAI in NH. In aim 3 the CFR is fit as a health policy process to improve quality. Facility 
characteristics, such as NH staffing and ownership are the structures in which the federal, state or 
regional policy is carried out. This framework was selected because it fits the questions asked in 
this dissertation by organizing the relationships between structures, processes and outcomes in 




    Figure 1: Donabedian Model of Quality Fit with Dissertation Aims
 
 DOH = Department of Health, CFR = Code of Federal Regulations, CLABSI = Central Line 
Associated Blood Stream Infection, UTI = Urinary Tract Infection 
 
Figure 1a: Policy as a Macro Structure in Donabedian Model of Quality 
 
Significance 
 The proposed research is designed to find ways to improve quality and prevent infections 
by evaluating evidence on existing policy (Aim 1) and categorizing supportive DOH activities as 
opposed to regulatory ones (Aim 2). Lastly, the evaluation of the effectiveness of current NH 
health policies is studied nationally across 4 infection measures (Aim 3). The implication of this 
body of work may be to provide guidance to policy makers and advocates working to improve 
the quality of life by preventing infections. This work offers substantial basis for future studies 
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evaluating the effectiveness of various state and federal initiatives, leading to possible 
improvements in quality, cost and satisfaction for both residents and providers. This dissertation 
has strived to examine regulatory and supportive policy measures, both the “stick and the carrot”, 
state and federal approaches, understanding no perfect solution exists for all situations and 
reevaluation of past policy efforts is critical to being able to plan for future ones.   
Funding 
This dissertation is being conducted as part of The National Institute of Nursing 
Research/NIH (R01NR13687) Study of Infection Management and Palliative Care at End-of-
Life (SIMP-EL) and has received institutional review board approval from Columbia University. 
This dissertation is also supported by the Center for Health Policy at Columbia University. The 




Chapter 2: A Systematic Review of the Impact of Mandatory Reporting of CLABSI 
Chapter 2 addresses aim 1 of this dissertation with a systematic review. In the review the 
impact of mandatory reporting on infection reduction is synthesized. This manuscript has been 
revised and resubmitted for publication to Policy, Politics, & Nursing Practice.  
Abstract 
Clinical nurses are at the forefront of infection control. Despite reductions in incidence, 
healthcare associated infections (HAIs) remain a significant cause of morbidity and mortality in 
acute care hospitals. Approximately one of every 25 hospitalized patients in the United States 
(U.S.) contracts a HAI while receiving care. Prior to national mandatory HAI reporting, 
individual states had their own reporting requirements designed to facilitate reductions in HAIs, 
improve quality of care, and address the public’s desire for information. The aim of this 
systematic review was to evaluate the impact of mandated state reporting of HAI on the 
reduction of HAIs. We searched PubMed, Ovid Medline, Cochrane Library, CINAHL and 
EMBASE for reports of original English language research conducted within the U.S. and 
investigated relationships between state mandatory reporting and HAIs. Study quality was 
assessed by a modified Downs and Black checklist. The initial search produced 453 studies, of 
which six met inclusion criteria, and all focused on central line blood stream infections 
(CLABSI). Four studies found that mandatory reporting was not associated with reduced 
CLABSI events; however, two of the best quality studies demonstrated an association. There was 
significant heterogeneity in research designs, data sources, settings, populations, reporting 
requirements, CLABSI definitions, and measurements across studies. This is the first systematic 




mixed, we found the strongest evidence supported an association between mandatory reporting 
and a reduction in CLABSI. 
Introduction 
Healthcare associated infections (HAIs) have historically been and remain a significant 
cause of morbidity and mortality in acute care hospitals in the United States (U.S.) (U.S. 
Department of Health and Human Services, 2013). The Centers for Disease Control and 
Prevention (CDC) estimates that one of every 25 U.S. hospitalized patients contract a HAI while 
receiving care, and central line blood stream infections (CLABSI) have one of the highest 
mortality rates (Centers for Disease Control and Prevention, 2016). The U.S. annual hospital cost 
for all HAIs in 2009 was estimated to be $40 billion, and there were an associated 99,000 deaths 
(Scott II, 2009). Globally, HAIs occur in 60% of intensive care unit (ICU) patients in lower 
income countries compared to 30% in high-income countries (World Health Organization, 
2011). Patients with HAIs are subjected to additional treatments, diagnostic procedures, and 
complications and experience 12.5% more readmissions and 9.3% longer hospital stays 
compared to other patients (De Angelis, Murthy, Beyersmann, & Harbarth, 2010; Rahmqvist, 
Samuelsson, Bastami, & Rutberg, 2016).  
In the 1950s a few hospitals began a paradigm shift by addressing infection control (IC) 
organizationally select a different verb IC nurses (Smith, Watkins, & Hewlett, 2012). In the 
1970’s and 1980’s, the establishment of the professional organization Association for 
Practitioners in Infection Control and the release of the  CDC’s landmark Study on the Efficacy 
of Nosocomial Infection Control Project (SENIC), which demonstrated the effectiveness of 
having an infection control (IC) program, prompted health care accreditation organizations   to 




Quality Forum (NQF) correlated the prevention of HAIs to high quality nursing care (National 
Quality Forum, 2004). At the same time, in the beginning of the 21st century, quality care began 
to be a public concern, exposed by the landmark Institute of Medicine report To Err is Human, 
coupled with nationwide studies on CLABSI preventability. In turn these events ushered in state 
mandatory reporting regulations of hospital HAIs as a way to combat the problem (Dixon, 2011; 
Smith, Watkins, & Hewlett, 2012).  
The purpose of this systematic review is to examine the impact state mandatory reporting 
regulations have had on reducing HAI. Its findings may contribute evidence on how states can 
use regulations to coordinate activities and priorities within their jurisdictions.  
Background 
Many states have hospital HAI reporting laws and regulations to facilitate reductions in 
HAIs, improve quality of care, and address the public’s desire for information. These 
jurisdictional mandates to report HAI data, collectively known as mandatory reporting, have 
been summarized into three categories of reporting requirements (Reagan & Hacker, 2012). The 
first category is data submission, refers to requirements that an organization, laboratory or 
individual report specific types of HAI data either to the CDC National Healthcare Safety 
Network (NHSN) or to a state department of health (DOH). The second category, public 
reporting, refers to requirements that an organization provide available aggregate HAI data to the 
public. The last category is facility identified, which is when the reported data are made public 
with facility is identified (Reagan & Hacker, 2012).  
Among states that have chosen to mandate some one or more of these three types of HAI 
reporting  to prevent infections, the laws and/or regulations have significant variation in term of 




Maziarz, Srinath, & Stone, 2015; Reagan & Hacker, 2012). That is, variations among states 
includes the variety of HAIs that must be reported (e.g., one state may require just CLABSI and 
another state may only require catheter associated urinary tract infection reporting). Furthermore, 
with reporting of surgical site infections (SSI) there is variation in the surgical procedures of 
interest (e.g., hip and/or knee replacement, spine surgery, or colon surgery). State by state 
variation can also include whether the reported HAI data come from specific unit or hospital 
wide surveillance (Herzig et al., 2015). Furthermore, not every state that mandates reporting 
requires that data be submitted to a national source (i.e., NHSN). This can, therefore lead to 
differing definitions and measurements of events that can reduce comparability on a national 
scale (Herzig et al., 2015). Little is known about whether states enforced these reporting 
mandates, and if so, how. 
Regardless of the type of reporting, the effectiveness of mandated reporting in improving 
quality is unclear. A Cochrane systematic review was conducted to assess the evidence on the 
effects of the public release of performance data to improve patient outcomes (Metcalfe et al., 
2018). The authors strictly limited inclusion by study design (i.e., interrupted time series) but did 
not exclude studies by outcome or country. They identified five studies (some conducted in the 
US) to include in the review and concluded that there was a small and positive relationship 
between public reporting and improved quality (Metcalfe et al., 2018). No review of mandatory 
HAI reporting in the US has been conducted. This systematic review was conducted to assess the 
impact of state mandated HAI reporting on the reduction of HAIs.   
Methods 
We conducted A systematic review using the Preferred Reporting Items for Systematic 




Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009). A medical library informationist was 
consulted regarding search term development and database inclusion. Studies were eligible for 
audit if they were reports of original research that took place within the US and investigated 
relationships between mandatory reporting and HAIs. All quantitative study designs were 
eligible for all study publication years. Studies were excluded if they were qualitative or in a 
non-English US. 
To identify eligible studies, the following databases were searched: PubMed, Ovid 
MEDLINE, CINAHL, Cochrane Library and EMBASE. For PubMed and Ovid MEDLINE, the 
titles and abstracts (tiab) were searched for the following Medical Subject Headings (MeSH) 
terms: cross infection and mandatory reporting. Cochrane Library was searched for mandatory 
reporting using the title abstract keyword function. The exact major subject heading function was 
used in searching CINAHL with mandatory reporting and cross infection. The PICO search 
function in EMBASE was used for the terms united states AND mandatory reporting AND 
infection. The bibliographies of included studies were hand searched. All searches were 
completed in July 2018. After the search and deduplication were conducted, independent 
reviewers (RD & AT) evaluated all titles and abstracts for inclusion. Discrepancies regarding 
which studies to include or exclude were resolved by discussion and consensus of both 
reviewers.  
Data audited from each published study included: authors, year published, study design 
(i.e., longitudinal or cross sectional), study years, data source(s), setting and population, 
mandatory reporting requirements (i.e., data submission, public reporting or facility identified), 




interest. The data submission category of mandatory reporting was assigned when the 
investigators did not differentiate by the type of reporting requirement.  
A modified Downs and Black checklist for the assessment of the methodological quality 
was used (Downs & Black, 1998). This quality checklist was selected based on its applicability 
to non-randomized studies as well as its ability to generate a summary score. The quality 
checklist contains four sections with a total of 27 questions, which assess reporting (n=10), 
external validity (n=3), internal validity-bias (n=7), internal validity-confounding (n=6), and 
power (n=1). The checklist scores have been shown to be both valid and reliable (test-retest r = 
0.88; inter-rater r = 0.75; criterion = 0.89) (Downs & Black, 1998). The checklist was modified 
by dropping 12 questions that did not apply to the methods of the studies included for review 
(e.g., 2 reporting questions, 1 external validity questions, 4 internal validity – bias questions, 4 
internal validity – confounding questions, and the one power question) and for which all scores 
would have been zero for all the studies. The dropped questions related primarily to clinical 
trials, adverse events, follow up, recruitment, blinding randomization and power. Because no 
questions were added to the checklist, we thought that the reliability and validity of the scores 
should be similar to the previous published evidence.  The same questions were dropped for all 
studies allowing a possible summary score range of 0 to 16, with higher scores representing 
higher quality. All data audited were independently abstracted and assessed by two reviewers 
(RD & AT), compared for concordance, and any discrepancies were resolved by discussion that 
produced consensus. 
Results 
 The search results are presented in Figure 1. The electronic searching produced 




Duplicates were removed, leaving 260 titles and abstracts for screening. Screening removed 
another 246 articles that were not eligible due to being editorials, opinions, off-topic or not 
investigating a relationship. In total, six studies meet the inclusion criteria and were audited.  
 Table 1 outlines data abstracted from each of the studies; conflict of interest is not 
included because all studies had statements about conflicts. Overall, four of the studies found 
mandatory reporting was not associated with reduced HAI events (Marsteller, Hsu, & Weeks, 
2014; Pakyz & Edmond, 2013; Rinke et al., 2015; Zachariah et al., 2014), while two 
demonstrated an association (Black & Kim, 2013; Liu et al., 2017). However, there was a high 
level of heterogeneity as the research designs, data sources, settings, populations, reporting 
requirements, HAI definitions, and measurements varied among the studies. In four studies, 
investigators used longitudinal methods (Black & Kim, 2013; Liu et al., 2017; Marsteller et al., 
2014; Rinke et al., 2015); two conducted cross-sectional analyses (Pakyz & Edmond, 2013; 
Zachariah et al., 2014).  
The reporting requirement evaluated in three of the studies did not differentiate the type 
of mandatory reporting in the primary analysis (Liu et al., 2017; Marsteller et al., 2014; 
Zachariah et al., 2014). However, in the Liu study, sensitivity analyses were performed using 
facility identified reporting only (Liu et al., 2017). Facility-identified public reporting was 
evaluated as the reporting requirement in the primary analysis in the remaining three studies 
(Black & Kim, 2013; Pakyz & Edmond, 2013; Rinke et al., 2015). 
Investigators in all six studies evaluated CLABSI as the HAI outcome. However, the 
definitions of CLABSI and the methods of measuring the CLABSI rate varied. To identify HAIs, 
the NHSN’s clinical data and definitions were used by investigators in four studies (Liu et al., 




research teams used administrative data (Black & Kim, 2013; Rinke et al., 2015). One group 
used the KID’s Inpatient Database (Rinke et al., 2015) and the other used the National Inpatient 
Sample  as the control hospitals and the Pennsylvania Inpatient Data for the hospitals with 
facility identified reporting (Black & Kim, 2013). In both of these studies, CLABSI was defined 
as events divided by 1,000 hospital discharges by patient safety indicator 7 (Black & Kim, 2013) 
and pediatric quality indicator 12 (Rinke et al., 2015). Both indicators compile ICD 9 codes to 
define CLABSI.  
Intensive care units (ICUs) were the setting in four studies (Liu et al., 2017; Marsteller et 
al., 2014; Pakyz & Edmond, 2013; Zachariah et al., 2014), with Zachariah’s study focusing on 
neonates. Investigators of the other two studies, which used the administrative data, focused on 
hospital wide HAIs; in one, the population was all patients older than 1 (Black & Kim, 2013) and 
in the other, pediatrics (Rinke et al., 2015). 
The studies were all of good quality (Table 2). The quality appraisal scores ranged from a 
low of thirteen (Pakyz & Edmond, 2013) to a high of sixteen (Liu et al., 2017). Both Pakyz 
(2013) and Marsteller (2014) scored lower in external validity questions (9, 10), which assesses 
the representative nature of the studies, because each used a convenience sample of hospitals not 
representative of the general population. In Pakyz (2013), the setting was a university consortium 
hospital and affiliates and in Marsteller (2014) the sample was drawn from hospitals enrolled in a 
national collaborative focused on reducing the outcome of interest, CLABSI.  
Deficiencies identified in the Black (2013) and Rinke (2015) studies were not reporting 
actual probability values (question 8). Black (2013) also did not report any estimate of random 




Zachariah et al., 2014) did not adjust difference in length of time from intervention to outcome 
measurement (question 11). 
Discussion 
This is the first systematic review of the impact of state mandatory reporting of CLABSI 
in acute care hospitals on the incidence CLABSI. While the evidence included was mixed, 
patterns emerge across the study populations and design that allow for synthesis of findings. We 
found that the strongest evidence (Black & Kim, 2013; Liu et al., 2017) supported an association 
between state mandatory reporting and a reduction in CLABSI.  
The lack of findings in the other studies may be due to many factors. First, the sample 
may impact the results. Two studies used non-adult populations, including pediatrics in Rinke 
(2015) and neonates in Zachariah (2014). These negative findings may be because (a) the care 
provided in these non-adult settings is sufficiently different from care in adult settings that no 
association exists; or (b) the sample sizes were smaller and there was a lack of power, due to 
rarity of CLABSI events. Zachariah did find an association between reporting and improved 
processes. The Marsteller study included only hospitals self-enrolled into an intervention 
designed specifically to reduce the outcome of interest. This population is likely too 
homogeneous to detect change within groups and too different from other ICUs or hospitals 
given the interventions and self-selection to be able to generalize the findings.  
The overall research design is also likely to impact the results. In the studies that used 
cross-sectional designs, it is only possible to assess correlation, not causation. Of the four 
longitudinal studies, one was a pediatric population (Rinke et al., 2015) and one with potential 
confounding due to sampling (Marsteller et al., 2014). The two remaining longitudinal studies 




associations between reporting and improved quality. The only study to quantify each state’s 
time from inception of reporting individually compared to grouping reporting inception times 
was Liu 2017, and methodologically this would be the most reliable way to differentiate the 
secular trend in CLABSI rates due to federal regulation from the trend in data submission states.  
The quality improvement model facilitates understanding of how different reporting 
requirements can effect quality (Berwick, James, & Coye, 2003). The model identifies two 
pathways for improvement, one is the selection pathway and the other is the change pathway. 
Selection works to improve quality when consumers, purchasers, and or patients know the 
quality outcomes, understand the outcomes, and then select care organizations with higher-
quality outcomes. In the selection pathway consumers create the demand for better outcomes 
from organizations and activate organizations action along the change pathway. The change 
pathway works as an organization gains the knowledge about its own quality outcomes and 
couples that with its knowledge of its own processes of care and chooses to change and improve 
the needed components in order to achieve better quality. Currently, it does not appear that 
public reporting of HAI is driving changes through the selection pathway. Most individuals are 
not aware of the existence of HAI reporting nor, as they can be referred to, report cards 
(Bhandari, Scanlon, Shi, & Smith, 2018; Greene, Fuentes- Caceres, Verevkina, & Shi, 2015). 
This could indicate that the hospitals may be changing based on their own knowledge of their 
processes. 
The findings of this review are in line with two other reviews evaluating the impact of 
reporting on different quality outcomes. A Cochrane review (2018) included public reporting of 
adjusted mortality rates in non-surgical discharges; readmission rates; CLABSI rates; and 




myocardial infarction. The findings of a positive effect between reporting and outcome were 
based on the strength of two of the five studies included; two of those were included in this 
review (Liu et al., 2017; Rinke et al., 2015). A 2016 review (Campanella et al., 2016) of public 
reporting of quality outcomes included 27 studies with a wide range of outcomes, including 
readmission rates, antibiotic use, overall mortality, time to surgery, and several others. A meta-
analysis was conducted of the overall mortality explored in ten of the 27 studies and yielded a 
risk ratio of 0.85 (Metcalfe et al., 2018).  
Limitations 
 This review has limitations.  First, while an attempt was made to use search terms 
that were broad enough to capture all relevant literature and in fact produced extensive quantities 
of dropped papers, they may not have secured all the important research. Additionally, the 
databases used may not have contained all the relevant research. Limiting the search to only 
English language and not searching gray literature may have also precluded important research 
from being considered. There is no direct evidence on the reporting of HAI other than CLABSI.  
Finally, our results may be limited by the small number of included studies.  
Implications 
 Implications for Practice. 
Nurses in clinical practice, infection prevention, and administration roles need to join 
with regulatory bodies as partners in care, not view them as barriers. Nurses in these roles should 
be advocating for the collecting, sharing, and analyzing more data on HAIs, as is facilitated by 
reporting mandates. There should be a push for widespread collaboration to assist in the 
generation of improved evidence-based practices for HAI reduction.   




The CDC should consider expanding reporting requirements across non-hospital care 
facilities, such as nursing homes, group homes, and outpatient facilities. While data collection 
and surveillance may already occur in some manner in these areas, the benefits of 
standardization and national level collection would bring greater focus on safe delivery of care 
across the continuum.  
 Implications for Research. 
Further research is warranted for the impact of reporting on HAI other than CLABSI, 
such as catheter associated urinary tract infection, ventilator associated pneumonia, and 
Clostridium difficile infection. Additionally, the impact of mandatory reporting needs to be 
evaluated in long term acute care, nursing homes, and ambulatory surgery settings. Cost 
effectiveness of reporting mandates must be investigated to allow for appropriate policy making 
decisions at any level, as should the comparison of enforcement (if any) methods.  
 Global Implications. 
Mandatory reporting can be an important and effective intervention for healthcare 
systems. Given the wide variation between countries health systems globally it is difficult to 
delineate when the potential benefits of coordinated data, definitions, and system wide quality 
improvement may be surpassed by the barriers of cost, reporting time, or infrastructure; or when 
upstream public health interventions may be more appropriate. However, as healthcare is being 
increasingly understood from a global perspective irrespective of nationality, the importance of 
universal, standardized data definitions and collection should be a global goal modeled and 
supported by those counties that are resource able.  
In conclusion, states with mandatory reporting of CLABSI yielded a benefit for patients 




in adult, pediatric, and neonate ICUs, new state and federal regulations are continuing to expand 
mandatory reporting to include both additional HAI and locations (e.g., hospital wide and 
ambulatory care clinics). While state reporting has decreased CLABSI rates, consideration and 
evaluation should be made for the organizational burden required, given the tension behind the 
resource allocation needed to report is frequently pitted against those needed to provide 
enhanced quality.  As expansion takes place continued research is needed to ensure best practices 
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1 Hypothesis/aim/obje
ctive of the study 
clearly described 
1 1 1 1 1 1 
2 Main outcomes to be 
measured clearly 
described in the 
Introduction or 
Methods section 
1 1 1 1 1 1 
3 Are the 
characteristics of the 
patients included in 
the study clearly 
described 
1 1 1 1 1 1 
4 Are the interventions 
of interest clearly 
described 
1 1 1 1 1 1 
5 Are the distributions 
of principal 
confounders in each 
group of subjects to 
be compared clearly 
described 
2 2 2 2 2 2 
6 Are the main 
findings of the study 
clearly described? 
Simple outcome data 
(including 
denominators) 










Table 4: Continued 
7 Does the study 
provide estimates of 
the random 
variability in the 
data for the main 
outcomes 
1 1 1 1 0 1 
8 Have actual 
probability values 
been reported  
1 0 1 1 0 1 
 External validity 
   
  
 
9 Was the study 
representative of the 
entire population 
from which they 
were recruited 
1 1 0 1 1 0 
10 Were the staff, 
places, and facilities 
where the patients 
were treated, 
representative of the 
treatment the 
majority 
1 1 0 1 1 0 
 Internal validity - 
bias 
   
  
 
11 In trials and cohort 
studies, do the 
analyses adjust for 
different lengths of 
follow-up of patients 
1 0 1 0 1 0 
12 Were the statistical 
tests used to assess 
the main outcomes 
appropriate 









Table 4: Continued 
13 Were the main 
outcome measures 
used accurate (valid 
and reliable) 
1 1 1 1 1 1 
 Internal validity - 
confounding 
(selection bias) 
   
  
 
14 Were study subjects 
in different 
intervention groups 
recruited over the 
same time 
1 1 1 1 1 1 
15 Was there adequate 
adjustment for 
confounding in the 
analyses 
1 1 1 1 1 1 




Chapter 3: An Environmental Scan of State HAI Prevention Initiatives in Nursing Homes 
 Chapter three addresses the second aim of this dissertation in an environmental scan of 
state DOH initiatives. The target journal is American Journal of Infection Control for this 
manuscript.  
Abstract 
Infections occur frequently in nursing home (NH) residents. Infection management has 
been identified as a critical problem and state Departments of Health (DOH) are implementing 
various strategies to support NHs. Our aim was to systematically categorize various DOH 
initiatives designed to improve NH infection management.  
An environmental scan was conducted using a systematic data collection tool. The 
Centers for Disease Control and Prevention (CDC) healthcare associated infections (HAI) state 
infographics, individual state DOH websites and state HAI plans were searched. Data collection 
included: inclusion of NHs in infographics or in HAI plans (both dichotomous); NH training 
materials on website (i.e., classified as static, interactive or in-person; and, topic); inclusion of 
NH personnel in collaborative; and HAI reporting mechanisms. Summative content analysis was 
used to generate frequencies and ratios.  
A majority of states (n = 39) included NHs in the infographic, and 48 HAI plans 
mentioned NHs. Twenty-nine states had training materials with most (78%) being static 
materials. The most common topic was antibiotic stewardship (64%) with only a few (3%) 
focused on prevention of common HAIs. About half of the states (48%) have a collaborative. 




States vary on the support they have been providing NHs in their infection management 
efforts. These data will be used to identify best practices in supporting NHs and improving the 
quality of resident care. 
Background 
 Quality care in nursing homes (NH) remains suboptimal for residents.(Centers for 
Medicare & Medicaid Services, 2016b; Institute of Medicine, 1986b, 2001b) Approximately 1 to 
2.6 million serious infections occur annually in NHs.(Herzig et al., 2017) Infections are among 
the leading causes of death in NHs, with the highest mortality attributable to pneumonia related 
infections.(Herzig et al., 2017; Montoya et al., 2016) The most common infections in NHs are 
urinary tract infections (UTI), followed by pneumonia: 30-day prevalence of UTI ranged from 
5.6% to 8.1% from 2010-2013, while 7-day prevalence of pneumonia ranged from 1.4% to 2.5% 
from 2010-2013.(Herzig et al., 2017; Montoya et al., 2016; Strausbaugh & Joseph, 2000b) Given 
the high burden of infections in NHs, emphasis on infection prevention and control is critical for 
improving the safety and quality of care provided in NHs. 
Each state’s Department of Health (DOH) carries out activities designed to improve NH quality 
and reduce health care associated infections (HAI). Some state-level HAI programs are funded 
by federal mechanisms. In 2009, $40 million American Reinvestment and Recovery Act 
(ARRA) funds were designated for states to develop HAI programs and appropriated through the 
Centers for Disease Control and Prevention (CDC) (Public Law 111-5, 42 U.S.C 241(a)). States 
could apply for this funding to fund HAI reduction activities in all health care sectors, not 
specific to NHs, in three activity areas: (A) developing or supporting HAI infrastructure, i.e. 
capacity building, (B) monitoring HAIs, and (C) preventing HAIs, primarily through the 




infrastructure, supported infection control training and new infection prevention collaboratives, 
all of which serve to result in fewer infections. As a component of these grants, each state 
developed and submitted a HAI reduction plan that is archived on the CDC website. Some states 
have updated and resubmitted the plans.  
In 2010, as part of the Patient Protection and Affordable Care Act of 2010 (Public Law 111–
148), the Hospital Value Based Purchasing Program built on earlier legislation that allowed 
Medicare to pay hospitals for reporting quality measures, rather than on the quantity of care (e.g., 
service or patient counts). This program included the Inpatient Quality Reporting Program 
requiring hospitals to report specific HAIs to the CDC’s National Healthcare Safety Network 
(NHSN) to receive full Medicare payment. In 2012, the NHSN expanded to include the reporting 
of infections in NHs. 
With the ARRA funding and the subsequent requirements to report specific HAIs in both 
inpatient and NH settings, there was a dramatic increase in National Healthcare Safety Network 
(NHSN) participation and activities such as ARRA-funded NHSN training and validation 
projects that supported data quality during the NHSN enrollment surge. In addition, between 
2009 and 2011, federal funding resulted in 60 infection prevention collaboratives, as found via a 
survey of state DOH about their HAI prevention activities (Ellingson et al., 2014). 
Using these state HAI plans and data collected through the NHSN, the CDC generates 
infographics with strategic HAI targets and outcomes for each state. CDC publishes these reports 
to help each state better understand their progress and target areas that need assistance. Each 
infographic contains an area that indicates the state’s target areas (e.g., including reducing HAI 




Despite the increased emphasis on infection prevention at the state and federal level, the scope of 
state-level approaches to HAI reduction and effective state-level practices for NH HAI reduction 
are unknown. Our objective was to systematically examine and catalogue the variations in state 
activities related to HAI prevention in NHs to aid policymakers, researchers and providers in 
identifying and establishing best practices.  
Methods 
 A standardized data collection tool was developed after reviewing the CDC infographics 
and five randomly selected state DOH websites. The data collection tool was further refined with 
feedback from content experts in health policy and HAI prevention. The final abstraction tool 
contained 16 items across 3 domains: (1) intentions to reduce HAI in NHs (Intentions),  
(2) actions to reduce HAI in NHs (Actions), and (3) website usability (Website Usability). Data 
were abstracted from the 50 states and the District of Columbia (hereafter referred to as states).  
Data for the Intentions domain were collected from each state’s HAI plan and CDC infographic. 
To identify each state’s focus on HAI prevention in NHs, we searched the state’s most recently 
submitted HAI plan for the following key terms: “long-term care”, “LTC”, and “nursing home”. 
HAI plans were first submitted in 2009. The majority of the plans reviewed here were from 
2009, however, some states updated and resubmitted 1 or more HAI plans. The data abstracted 
included (1) an indicator that NHs were specified as an area of focus; and (2) if specified, the 
narrative text describing the initiative. The infographics were searched for (1) the inclusion of 
NH HAI rates (yes, no) and (2) an indicator that NHs were listed as a focus of effort. Infographic 
data for all states were available for 2012 and 2014, with the publishing of these data reports in 
2014 and 2016, respectively. (Refer to the following for 2012 data: 




https://www.cdc.gov/HAI/pdfs/progress-report/hai-progress-report.pdf ). Since 2016 CDC 
switched to reporting data about long term acute care facilities and not specifically for nursing 
homes. 
Data for state Actions were collected from each state’s DOH website. These websites provided 
information on (1) the presence of a state-level collaborative (and/or working group or 
committee) focusing on HAI reduction and (2) NH specific training materials. We also reviewed 
the HAI mandatory reporting requirements for NHs. Information about the state level infection 
prevention collaborative was searched to determine if its mission involved HAI and whether the 
target was either NHs or its membership included NH representatives (yes, no). NH specific 
training materials were collected and categorized in five ways: (1) presence of training materials 
(yes, no), (2) count of the quantity of listed training materials, (3) source (i.e., State DOH, CDC, 
Quality Innovation Network-Quality Improvement Organization [QIN-QIO], or professional 
organization), (4) topic (i.e., antibiotic stewardship [ABS], hand hygiene, environmental 
cleaning, UTI, multi-drug resistant organism [MDRO] and central line associated blood stream 
infections [CLABSI]), and (5) mode of delivery (i.e., static, interactive, and in-person).  
The third domain, Website Usability, was assessed with four items adapted from the DISCERN 
instrument (Charnock, Shepperd, Needham, & Gann, 1999), which includes three assessments 
scored on a Likert-type scale with a range of 1-5, with 5 representing the highest usability 
assessment. Assessments were based on (1) ease of navigation, i.e. information easily found by 
following links from home page; (2) whether the graphics and colors enhance understanding of 
the information on the website; and (3) the overall use of the website, i.e. information organized 




To assess reproducibility, a second abstractor collected data on all domains from five states and a 
Cohen’s Kappa statistic to measure coder agreement was calculated. 
Data analysis. The analyses of the dichotomous and categorical variables were synthesized by 
generating frequencies. The narrative text describing initiatives in HAI plans was analyzed using 
summative content analysis. To examine the intensity of the Intention domain, each state was 
categorized as having one, both, or none of the Intention variables (i.e., NHs were included in 
HAI plan and/or infographic); these data were diagrammed on a map. A similar map was 
generated for the Action domain (i.e., presence of a collaborative or training materials). A third 
map was generated illustrating the quantity of training materials (none, 1-6, and >6). Website 
usability scores were categorized into three groups (1-2, 3-4 and 5) and shown in a map. 
Descriptive statistics (means, standard deviations [SD] and ranges) were also calculated for 
website usability scores. All statistics were calculated with Stata 15.1 (StataCorp). 
Results 
The data collected were reproducible (mean Kappa = .68). Appendix A contains the abstracted 
data from the three domains.   
Intentions: Most states (n = 47 of 51 states, 92%) mentioned NHs in their HAI plans and NHs 
were included in the infographics increasingly often (2102: n = 17, 33%; 2014: n = 39, 76%). Of 
the HAI plans that include NHs in 2014, 23% (n = 11) had one initiative, 47% (n = 22) had two 
and 30% (n =14) had three initiatives (See Figure 1). No infographics contained NH HAI rate 
data. In the 2012 infographic data, 17 states listed NH as a target area of effort, and in 2014 this 
had increased to 39 states (76%). One state (Delaware) changed from initially mentioning NH in 





Figure 3: HAI Reduction Intentions 
 
 
Actions: The content analyses of the HAI plans that included NHs identified several 
patterns: (1) creating a statewide advisory council was the most frequent (n = 29) initiative; (2) 
creating a statewide collaborative occurred about half as often as creating a statewide advisory 
council (n = 16); and (3) state HAI plans that include NHs infrequently mentioned providing 
training on and reporting of HAI (both n = 3). However, the review of the DOH websites reveal 
that 29 states (57%) had NH specific training materials on HAI reduction. As shown in Figure 2, 
about a third (n = 16) of the states had both a collaborative and NH specific training materials, 




Figure 4: HAI Reduction Actions 
 
 
Figure 3 shows the quantity of training materials available across the states. Nine states 
had 6 or more training materials available, with Washington state having the most (n = 32 listed 
training materials on the DOH website). Some states (18%; n = 9 out of 51 states) had no 
training materials available on their website. Of the 193 training materials found across all states, 
141 were related to HAI reduction and categorized topically, while the remaining 52 were 
defined as other (e.g., injection safety, interfacility transfer, McGeers, norovirus, and isolation). 
The training topics and modes are displayed in Figure 4. Antibiotic stewardship was the most 
prevalent topic related to HAI reduction (n = 90/141, 64%), followed by C-Difficile (n = 14, 
10%). Hand hygiene and MDRO each represented 8% (n = 11), environmental cleaning made up 
7% (n = 10) and UTI was the least with 3% (n = 5). No materials were found for CLABSI 
prevention or reduction. Materials were most often provided in a static mode (n = 110/141, 
78%), 14% (n = 20) were in interactive mode and 8% (n = 11) were linked to an in-person event. 
Training materials were sourced from locally-developed training materials by the state DOH (n = 
88/141, 62%), the CDC (n = 24, 17%), professional organizations (n = 20, 14%) and QIN-QIOs 




Figure 5: Quantities of Nursing Home Specific Training Materials 
 
Figure 6: Training Topics and Modes (n =141) 
 
Website usability: Most of the websites (n = 36, 70.5%) included a date last updated, with the 
range of dates from 2012 to 2018. The majority of websites with a date (n = 23, 64%) were last 
updated in the year accessed (i.e., 2018), with the next most common date of 2017 (n = 9, 25%). 
ABS = Antibiotic Stewardship, C diff = Clostridium difficile, MDRO 
= Multi Drug Resistant Organism, Environmental = Environmental 




The mean DISCERN scores were: 3.7 for ease of navigation (SD 1.08, range 1-5), 2.0 for 
graphics and color enhancing understanding (SD 1.34, range 1-5) and, 3.5 for overall ease of use 
(SD 1.1, range 1-5). Figure 5 illustrates overall ease of use.  
Figure 7: Website Usability 
 
Discussion 
 This study provides the most up-to-date data on state activities to prevent HAI in NHs. 
Cohen et al., 2014 (Cohen et al., 2014) was the only other identified study that collected and 
categorized state-level initiatives (Cohen et al., 2014) on HAI reduction in NHs. Our finding that 
57% of states (29/51) provided HAI reduction training represents a significant decrease from the 
86% (44/51) found 6 years earlier in 2012-2013 (Cohen et al., 2014). Moreover, UTI is the most 
common HAI among NH residents, but the least represented in training materials provided by 




Furthermore, there is growing evidence that state-driven HAI prevention collaboratives help spur 
a focus on infection prevention by emphasizing health system change through surveillance, data 
feedback, systematic implementation of prevention measures, and intra-facility and inter-facility 
collaboration (DePalo et al., 2010; Jain et al., 2011; Lipitz-Snyderman et al., 2011; P. W. Stone 
et al., 2015). Our finding that only one-third of states, so 16 states, had a state-level HAI 
prevention collaborative suggests the need to understand better the engagement of NHs in 
establishing such a collaborative.  
 We also identified high-performing states across each of our domains that warrant further 
investigation, including Vermont, Oregon, South Dakota and Colorado. Similarly, we identified 
two states that were consistently lacking in all domains: Wyoming and Oklahoma. This wide 
variation across states could be a response to identified quality of care concerns in NH or a 
proactive provision of resources to reduce HAI.  
 Given that reproducibility of findings could be a concern since key search terms and 
other means of identifying data may change, we conducted an agreement exercise using five 
randomly selected states and had substantial agreement between the two abstractors (mean 
Kappa of .68).  
We found significant variation in website design, the location of key data elements, titles 
of training topics, and the navigability of the DOH websites. We acknowledge that these 
websites may not be the primary or only sources of HAI prevention best practice information or 
training materials chosen by NHs. The CDC and other professional organizations such as the 
Association for Professionals in Infection Control and Epidemiology (APIC) and the Society for 
Healthcare Epidemiology of America (SHEA) have developed and disseminated training 




support on HAI reduction. The Agency for Healthcare Research and Quality (AHRQ)(Agency 
for Healthcare Research and Quality, 2012) also has several toolkits available to NHs to reduce 
HAIs and to develop ABS programs, which were not replicated on the DOH state websites, but 
could be being utilized by NHs. Furthermore, it is unknown if clinical staff search out 
information independent of data sourced by their NH employer and where that information may 
be found. Despite these limitations, our findings clearly highlight 3 areas of improvement for 
states aiming to improve HAI reduction: (1) an increase in training materials on HAI reduction, 
and (2) a broadening of training materials to include UTI as a focus for NHs, and (3) increased 
engagement of NHs in state-level collaboratives aimed at HAI reduction.   
 High quality information and training materials should be readily available to those 
caring for residents in NHs to facilitate quality improvement and the dissemination of best 
practices with the aim of reducing HAI. Nationally, the CDC offers web-hosted resources on 
NH-specific HAI prevention that are in many cases (as our work reveals) hosted by or linked to 
an individual state DOH. Materials that represent best practices should be sharable across DOHs 
given the relatively low cost to host these items on a website. Given that much of the 
information, toolkits and resources available are standardized and in the public domain, we 
support the notion that centralized resources with tailored or specialized specific links to unique 
local resources, such as in-person trainings and state-specific contact information could be more 
beneficial for NH. This is also support by in press Journal of the American Geriatrics article by 
Quigley et al 2019 titled, “Quality Innovation Networks Share Varied Resources for Nursing 
Homes on Mostly User-friendly Websites”. 
Given the interconnected-ness of data sources, additional research is warranted to understand 




research evaluating these data in conjunction with HAI rates and other outcome data would be 





Chapter 4: Changes in Nursing Home Quality Related to New Code of Federal Regulations 
 Chapter 4 addresses aim 3 of this dissertation by using an interrupted time series analysis 
of the 2016 Code of Federal Regulations’ to determine its impact on 4 infection-related quality 
measures. This manuscript will be submitted to BMJ Quality Patient Safety. 
Abstract 
Purpose: Approximately 4 million residents occupy the nation’s more than 15,000 nursing homes 
(NH) each year. There are 1 to 2.6 million infections in NHs annually and infections are one of 
the leading causes of death in NHs. The current state of quality in NH residents remains 
suboptimal. To improve infection prevention in NHs and overall quality of care, the Center for 
Medicaid and Medicare Services code of federal regulations (CFR) for NHs participation were 
updated to Phase 1 in November 2016. The aim of this study was to examine the impact of Phase 
1 of the new CFR implementation on four infection specific quality measures: rates of influenza 
and pneumococcal vaccination, rates of urinary catheterization, and rates of urinary tract 
infections (UTI). 
Methods: This retrospective cohort study used quarterly national NH-level data from CMS 
starting from quarter 1 of 2013 through quarter 3 of 2018. Quality measures (QM) analyzed 
included: 1) rates of Influenza Vaccination; 2) rates of Pneumococcal Vaccination; 3) rates of 
catheterization; and 4) rates of urinary tract infections (UTI). Interrupted time series analysis was 
used with negative binomial models to evaluate the effect of the CFR on each QM. Population 
averaged effects were used to generate robust standard errors at the facility level.  
Results: Three QMs (UTI, p = <.001; Influenza Vaccination, p = <.001; and Pneumococcal 
Vaccination, p = <.001) showed significant improvements in association with the CFR 




Conclusion / implications: This is the first study to evaluate the change in CFR regulation on 
quality measures in NHs. This study substantiates the role national policy levers can take in 
supporting patients, clinicians and administrators to improve the quality of delivered care by 
reducing infections in NH. Future research is warranted to explore the impact of phase 2 and 3 of 






Approximately 4 million residents occupy the nation’s more than 15,000 nursing homes 
(NH) each year (National Center for Health Statistics, 2016). In the coming decades, the NH 
population is likely to increase based on the projection that Americans over age 65 will double in 
size from 35 million in 2000 to 74 million by 2030 (Federal Interagency Forum on Aging-
Related Statistics, 2016). There are 1 to 2.6 million infections in NHs annually and infections are 
one of the leading causes of death in NHs (Herzig et al., 2017). Pneumonia-related infections are 
associated with the highest mortality rates, however, urinary tract infections (UTIs) are most 
frequent in this population (Herzig et al., 2017; Strausbaugh & Joseph, 2000). Infections 
contracted in NH are healthcare-associated infections (HAI) and are largely preventable, yet, 
they continue to occur at very high rates (CMS Survey and Certification Group, 2016; Herzig et 
al., 2017; Ziakas et al., 2016). 
Previous researchers have identified NH facility characteristics that can significantly 
impact care and quality, including infection prevention (Baldwin et al., 2017; Bowblis et al., 
2013; Comondore et al., 2009; Dellefield et al., 2015; O'Neil, Harrington, Kitchener, & Saliba, 
2003; Thomas et al., 2013; You et al., 2016). The most common factors affecting quality 
outcomes are ownership status, staffing levels, size and urban location. Additionally, variations 
in state regulation and Medicaid reimbursement policies have been identified as impacting NH 
quality (Gruneir, Miller, Feng, Intrator, & Mor, 2008; Mor et al., 2011; Mukamel et al., 2012).  
To improve infection prevention in NHs and overall quality of care, the Center for Medicaid and 
Medicare Services (CMS) code of federal regulations (CFR) requirements for NHs participation 




Three key CFR updates are the most likely to have the largest impact on infection 
prevention by improving oversight, diagnosis, and prevention.  Firstly, the quality assessment 
and assurance (QAA) committee requirements now specify the membership of the medical 
director and a member in a leadership role of the NH (administrator, board member etc.), and the 
duties include implementation of the Quality Assurance Performance Improvement (QAPI) 
program (phase 2 requirement) and reviewing and analyzing data and acting on it to make 
needed improvements. Secondly, laboratory and diagnostic services can now be ordered by 
physician assistants, nurse practitioners, or clinical nurse specialists in accordance with state law, 
including scope of practice laws. Thirdly, an infection prevention paradigm must be combined 
with the previous mandate for infection control. Furthermore, the new combined infection 
prevention and control program (IPCP) must now include written policies for surveillance, 
isolation types and uses, and a formal system of recording incidents defined by their IPCP and 
corresponding corrective actions taken. (Centers for Medicare & Medicaid Services, 2016a). The 
objective of this study was to examine the national level impact of the CFR on four infection 
related quality measures (QMs) in US NHs.  We hypothesized that the implementation of the 
2016 CFR would improve these QMs. 
Conceptual Framework 
 Donabedian’s Model for Quality guided this research. According to Donabedian there are 
three constructs: structure, process and outcome (Ayanian & Markel, 2016; Castle & Ferguson, 
2010). Structures and processes in turn influence outcomes. This model has a long history of 
guiding work on quality and has been previously applied in NHs settings (Ayanian & Markel, 
2016; Castle & Ferguson, 2010; Donabedian, 2005). The changes in the CFR is a process 




infection-specific QMs: 1) Influenza Vaccination rate (flu); 2) Pneumococcal Vaccination rate 
(pneumonia); 3) rate of “long-stay residents with a catheter inserted and left in their bladder” 
(catheter); and 4) rate of “long-stay residents with a urinary tract infection” (UTI). This 
framework was selected because it fits the question asked in this research by organizing the 
relationships between structures, processes and outcomes in relation to quality.  
Design 
This retrospective cohort study used quarterly national NH-level data from CMS starting 
from the first quarter of 2013 through the third quarter of 2018. The goal was to include the 
largest amount of data with stable measurements across the included years; we selected 2013 to 
2018, which was the most current data released at the time of analysis. Data prior to 2012 did not 
contain similar measures for staffing or QM scores and was therefore not included in this 
analysis. The analysis was a sub-study of the Study of Infection Management and Palliative Care 
at End-of-Life (R01NR13687). All CMS-certified NH facilities in the United States (excluding 
Guam, Puerto Rico and Virgin Islands) with complete data on the variables of interest were 
included.  
Data came from two sources, NH Compare and Certification and Survey Provider 
Enhanced Reports (CASPER) (Centers for Medicare & Medicaid Services, 2019). Nursing 
Home Compare is free, publicly available data on NH provided by CMS. It is designed to allow 
potential and current NH residents, families as well as other stake holders to assess the quality of 
a NH care. For each NH, Nursing Home Compare provides facility characteristics and staffing as 
well as a star rating, designed to be an easy to understand summary of the data. The information 
comes from three primary sources: 1) the CMS health inspection database provides the NH 




contains total and RN staffing hours. Each QM is reported as a percentage of the total residents 
in the facility. CASPER is a comprehensive administrative database composed of the results of 
on-site survey visits. It contains facility level information on the patient census, staffing and 
regulatory information, including deficiency citations observed during the required NH 
inspections for CMS certification. These data are valid and reliable and are frequently used in 
research that has analyzed NH quality (Castle & Ferguson, 2010; Manard, 2002; Saliba & 
Buchanan, 2008, 2012)  
Variables 
The process variable of interest is the CFR implementation date of November 2016. All 
structure and outcome variables came from NH Compare. Outcomes are the 4 infection-specific 
QMs: flu, pneumonia, catheter, and UTI. The flu reporting in NH Compare changed from 
quarterly to annually reporting in 2015 (RTI International, 2015). Therefore, the flu variable was 
an annual estimate from the reported data (all other outcomes were quarterly). The flu variable is 
operationally defined as the percent of long-stay residents who are given, appropriately, the 
influenza vaccination during the most recent influenza season; excluding those who have 
received, refused or are ineligible based on medical conditions. The pneumonia vaccination 
variable reports the percent of long-stay residents who are given, appropriately, the influenza 
vaccination during the most recent influenza season; excluding those who have received, refused 
or are ineligible based on medical conditions. UTI reports the percentage of long stay residents 
who have a urinary tract infection. Catheter reports the percentage of residents who have had an 
indwelling catheter in the last 7 days; except for residents with neurogenic bladder and or 
obstructive uropathy. Structures of care evaluated as potential confounding variables included: 




≥ 82 to 120, and large >120), staffing (adjusted RN hours per resident day and adjusted total 
[RN, LPN, and nurse aide] hours per resident day), three percentage of residents by insurance 
variables: 1) percentage Medicaid, 2) percentage Medicare, and 3) percentage other insurance. A 
single mean value was derived from available data years 2013 to 2016 for each facility to use in 
the models. 
Two time-trend variables and an indicator variable for the CFR implementation were 
developed. The first time-trend variable represents the count of quarters/years from Q1 2013to 
Q4 2016, the first quarter of the CFR. This variable has values that range from 1 to 16, the first 
study quarter has a value of one, with each subsequent quarter the value increases by one until 
reaching 16, and is then fixed at that value for all following quarters. The second time-trend 
values range from zero for all quarters/years up to and including Q4 2016, then counts to the end 
of the study period Q3 2018. Finally, the CFR indicator variable is dichotomous. Developing the 
time trend variables values in this manner creates three specific outputs from the regression 
model 1) a pre-CFR slope, 2) a post-CFR slope, and 3) the change in the intercept at the time of 
CFR implementation.  
Data Analysis 
Missing data were identified, and observations were dropped if any of the 4 QMs did not 
have corresponding ownership, staffing levels, size, or resident totals reported as well. 
Descriptive statistics were calculated for all variables. All variables were examined graphically 
to assess for linearity and distribution assumptions. Both catheter and UTI were found to be right 
skewed and flu and pneumonia were left skewed.  Due to the skewed data, over distribution of 
zeros and the previous research using NH QMs, interrupted time series analysis with negative 




(number of at-risk individuals) in the model was set to the resident totals per quarter/year for 
each NH to account for QM rate data (Castle & Engberg, 2007, 2008). Our models were further 
specified with population averaged effects for robust generation of standard errors at the facility 
level.  
The described negative binomial models were used for bivariate assessment of each 
covariate, collinearity testing, and the final multivariable regressions of each QM. Bivariate 
significance was set at p ≤ .1 to determine inclusion of a covariate in the final model. 
Collinearity was assessed using variance inflation factor (VIF).  
The results from each of the multivariable negative binomial models was graphed with 
exponentiated linear predicted outcome values on the y axis and the time trend on the x axis. 
Because a negative binomial model produces coefficients in natural logarithm form, the 
predicted values are exponentiated. Statistical significance was set a priori at 0.05. All statistical 
analyses were conducted using Stata, Version 15.1 (StataCorp) 
Results 
Table 5 shows the characteristics of the included NH in percentages, mean, standard 
deviation (SD), and p values, as appropriate for all structure, process and outcome variables, both 
pre and post CFR. There were 15,218 unique NHs included in the study. Size and resident totals 
both decreased over the course of the study. The two staffing variables changed significantly 
from pre to post, with RN hours increasing and total hours decreasing. The QMs for 
catheterization, UTI, and flu vaccination changed significantly post intervention while 
pneumonia vaccination rates were unchanged. Collinearity was identified by a VIF > 10 for the 




variable. Therefore, only the total hours staffing variable was retained as a covariate in all 
models along with size and ownership.  
The exponentiated multivariable regression results are shown in Figures 8-11. There was 
a significant (p < .001) increase in flu vaccination following the CFR implementation. 
Pneumonia vaccination had a significant (p < .001) increase in post implementation compared to 
the pre-implementation. The pneumonia results had irregular grouping patterns of values while 
still maintaining an overall linear form. There was a decreasing trend in catheter that did not 
change after the CFR was implemented (p= .175). The UTI model also had an overall decrease. 
These rates decrease significantly faster after the CFR was implemented (p < .001). The 
Appendix B contains the results of each model and results for testing the difference between 
slopes.  
Discussion 
This is the first study to evaluate the change in CFR regulation on infection related QMs 
in NHs. The measures of UTI infection and influenza and pneumonia vaccinations rates show 
improved quality associated with CFR implementation. The catheterization rates did not change 
with the CFR.  
Currently there are no other studies evaluating the impact of regulatory changes, 
however, our findings on UTI rate reductions are similar to other studies conducted in NHs that 
found significant decreasing trends (Herzig et al., 2017). Additionally, our work contributes to 
the small body of work showing increasing vaccination rate trends in NHs (Black et al., 2017).  
While the pneumonia vaccination rates showed significant improvement, we interpret this 
result with caution because of the grouping pattern. The groupings do not appear to be seasonal 




measurement or recording were identified. While changes in CDC pneumonia vaccination 
recommendations did occur in 2014 it is unlikely to account for the grouping patterns in the 
results (Tomczyk et al., 2014). These patterns may result from variation that exists across levels 
of organization that were not controlled for in our models, such as county, state, or chain 
ownership status due to data unavailability at the time of analysis.  
The results of UTI, pneumonia and flu have improved and demonstrate the significant 
impact of the CFR. These findings are an early assessment of the impact the CFR will have. 
Follow up is warranted to evaluate long term effects of the change in regulations. The 
multivariate binomial models were designed to evaluate the effects of the CFR, not to derive 
estimates of unit increases of a covariate on the dependent variable.  
The results of pneumonia and catheter show large changes in the intercept at the time of 
intervention.  The a priory model did not predict rapid changes in any of the QM, in fact we 
expected to see slow gradual changes to the slopes without intercept differences. It is possible the 
modeling we chose did not accurately fit the reality of changes “on the ground” in NHs.  
While a state fixed effect model is often used by researchers evaluating national level 
interventions, it was not suitable for this work for given that the data was originally generated at 
the facility level and the intension was to generate standard errors robustly, population averaged 
effects is the only option given the choice of statistical software. 
Despite the improving quality demonstrated by the trends over time in all QMs and the 
increases in three after intervention, the overall rates do not show high quality. Each of these 
measures are potentially applicable to every resident in a NH and the mark for true quality 
should be perfection, or 100%. The operational definition of each vaccination QM discounts 




potentially lifesaving intervention and simply go unvaccinated without cause. Nevertheless, the 
finding suggest the CFR is associated with increased quality in NH. We believe that the 
strengthening of infection prevention programs, increased access to diagnostics and 
implementation of NH wide quality assurance committees have begun to introduce quality 
improvement changes into NHs. The design of QAA is use data to create improvements in 
quality outcomes (Centers for Medicare & Medicaid Services, 2016c; Telligen & The Quality 
Innovation Network National Coordinating Center, 2017).  In theory this could mean that NH 
QAA were assessing and analyzing the same QMs we examined in this research. When QAA is 
coupled with the strengthening of infection prevention programs it follows that NH would have 
improved knowledge and processes to address the gaps identified in their QA processes.  
This study has limitations. We cannot imply causality based on our findings despite the strength 
of using interrupted time series. We were limited to publicly available NH Compare data the 
quantity of variables predicated relatively simple models. While we attempted to include known 
confounders, the multivariate models may have omitted important covariates that could have 
changed the results. Additionally, these results are derived from only 4 QMs and the actual 
clinical practices occurring in the NHs is not known. Furthermore, the CFR was rolled out in 
three phases and our data only cover the first (of three) phases of changes that had relatively 
minor infection control improvements compared to phase 2 and 3.  
Research/Policy Implications 
The findings suggest several areas for future research. Further longitudinal analysis is required as 
the last of the changes are phased in 11/2019. That evaluation should include all the QMs, for 
both short- and long-term patients. This is warranted because short- and long-term residents can 




term residents are not. Furthermore, the remaining QMs not evaluated herein are not infections 
specific and are likely to be impacted differently by the CFR changes. The change in CFR may 
have financial implications for the NHs and further assessment of stability of the market in terms 
of closures, profit loss, and turnover of staff is warranted.  On the other hand, the change in CFR 
may have the intended positive organizational effects and further investigation of resident 
outcomes (e.g., quality of life, safety and satisfaction) should be investigated as well. 
In conclusion, in this preliminary assessment of the impact of changes to the CFR, we 
have found positive results with increases in the QMs. Infection prevention remains a priority in 




Table 5: Characteristics of Nursing Homes Before and After 2016 Update to CFR, 2013 – 2018 





Structures Percentage Percentage  
Ownership    
For-profit 70.27 % 69.87 %    0.047 
Government   6.08 %   7.05 % < 0.001 
Nonprofit 23.65 % 23.09 %    0.009 
Structures mean (SD) mean (SD)  
Size 114.03   (61.55) 110.38  (60.96) < 0.001 
Resident Total   94.71   (55.12)   89.71  (53.64) < 0.001 
Adjusted RN Hours   .52   (.24)   .58  (.31) < 0.001 
Adjusted Total Hours 3.87  (.78) 3.87  (.80)    0.039 
Outcomes mean (SD) mean (SD)  
Flu                94.08  (.65)               95.18  (.28) < 0.001 
Pneumonia    93.84  (12.34)  93.88  (12.55)    0.388 
Catheter 2.98  (2.68)   1.79  (2.06) < 0.001 
UTI   5.37  (4.72) 3.24  (3.72) < 0.001 
    












































































Chapter 5: Synthesis of Studies 
Integration of Studies 
This dissertation has examined state and federal health policy levers designed to decrease 
HAIs in hospitals and NHs. I systematically reviewed and synthesized the evidence of state 
mandatory reporting as a policy lever to reduce CLABSI in hospitals; categorized the variations 
in state initiatives to reduce HAI in NH by collecting and analyzing qualitative and quantitative 
data from state DOH websites as well as the CDC website; and quantitatively assessed the 
impact of new national regulations related to 4 infection specific QM in NHs using national 
longitudinal data.  
These studies substantiate the role state and federal health policy levers can take in 
supporting patients, clinicians and administrators to improve the quality of delivered care by 
reducing HAI. The establishment of effective health policy can produce systemic solutions 
through the prioritization, coordination, and marshaling of people and resources needed to 
address important problems such as HAI. The results demonstrate that when nurses, 
organizations and administration are unified by policy, all four of the components of the 
quadruple aim, that is  the work life of health care providers, population health, patient 
experience, and per capita cost may be improved (Bodenheimer & Sinsky, 2014).  
Summary of Results  
The systematic review synthesized the current evidence of state mandated HAI reporting 
in the US. The strongest evidence supports that state mandatory reporting is associated with 
reduced CLABSI rates. However, few studies exist in this field and none evaluated the effect on 
other HAI. Additionally, findings from the CLABSI literature has shown no association in the 




these non-adults is sufficiently different that no association exists; or 2) the sample sizes were 
smaller and there was a lack of power.  
In the environmental scan state initiatives were categorized in 3 domains: state intentions, 
state actions and website usability. I found that nearly all states conveyed their intentions to 
include NHs in HAI reduction activities. However, actions to support NH in reducing HAI were 
conducted much less frequently. Providing NH training materials occurred in less than half the 
states and the inclusion of NHs in a state-wide collaborative was carried out by approximately 
half of the state DOHs. There were a few high performing states that sustain efforts across each 
of the domain measurements that warrant further investigation (e.g., Vermont, Oregon, South 
Dakota and Colorado). Similarly, there was a pattern of states that were consistently lacking in 
all domains (e.g. Wyoming, Oklahoma). It is not known if this variation is due to DOH 
responding to identified gaps in NH quality of care or providing these resources proactively.  
The quantitative analysis examined the effect of the first phase of implementation of new 
federal CFR on 4 infection specific QMs. The changes in the CFR implementations in the first 
phase (late 2016) most likely to impact infection prevention and control were the establishment 
of a quality assessment and assurance committee and the expansion of the infection prevention 
and control program. Significant associations were observed between the CFR implementation 
and three of the four QMs evaluated: UTI rates as well as, influenza and pneumonia vaccination 
rates. No significant association was noted with catheter rates. Importantly, although noted with 
pneumonia vaccination, cautious interpretations should be used due to irregular patterns the 
model generated.   




This dissertation has several strengths worth mentioning. This is the first systematic 
review of state mandated CLABSI reporting. The review utilized the PRISMA guidelines. Two 
independent reviewers conducted inclusion, abstraction, and quality assessment of the included 
studies. The search terms were developed with the assistance of an informationist and the search 
utilized multiple databases and hand searching of bibliographies and included any quantitative 
designs.  
This environmental scan is the first to collect and categorize both state intention and 
action to reduce HAI in NH. This data collection instrument was developed with expert 
assistance, piloted and found to be reproducible with a mean Cohen’s Kappa .68 between 
investigators. The data revealed significant variation as well as patterns of high and low 
performance in HAI reduction initiatives among states.  
This quantitative analysis is the first study to examine the impact of the 2016 change in 
federal NH regulations. The analysis used interrupted time series methods on the full population 
of CMS-certified NHs across the US, increasing the generalizability of the study.  
Limitations of the systematic review may include the failure to capture all relevant 
literature. This may be due to (not searching grey literature or the search terms used). In addition, 
the environmental scan focused on each state DOH although they may not be the preferred 
source for NHs to get information. Additionally, while my abstraction instrument produced 
reproducible results between reviewers, it is possible based on the complexity and heterogeneity 
of the websites, data were missed or incorrectly assessed.  
In the assessment of the impact of the changes to the CFR, my models were limited to the 
covariates available in the data and may be underspecified. This would limit the findings to the 




the 4 QMs evaluated, there is a possibility other QMs did or did not derive similar 
improvements.  
Recommendations 
Synthesizing the findings, strengths, and limitations of this dissertation has produced 
implications and recommendations for research, policy and clinical practice.   
Future Research. The impact of state mandatory reporting of more HAIs than just 
CLABSI in ICUs should be examined. Currently, in some state’s hospitals are mandated to 
report Clostridium difficile and multi drug resistant organism infections (Reagan et al., 2015). 
Additionally, mandatory reporting in locations beyond acute care hospitals (e.g. NHs and 
ambulatory care centers) is beginning and the benefits requires further investigation (Chokshi, 
Rugge, & Shah, 2014; Cohen, Engberg, Herzig, Dick, & Stone, 2015; Mukamel, Ye, Glance, & 
Li, 2015). Future research is needed to understand how and where NH providers source best 
practice information. Development of a longitudinal categorization of state initiatives would 
facilitate investigations into evidence-based policy. Additional longitudinal assessment of the 
CFR effects on all 13 QMs after all 3 phases of implementation is needed. Furthermore, 
investigations at the resident level could help in understanding any potential health disparities. 
Lastly, it is important that future researchers to evaluate the variation in state enforcement of 
policies, retrospectively for CLABSI reporting laws and currently in regard to NH regulations. 
This is especially salient given parallel efforts CMS has undertaken to improve and standardize 
surveyor training and performance (Centers for Medicare & Medicaid Services, 2016a).  
Health Policy. Results from the systematic review not only underpin the increasing use 
of mandatory reporting of HAI in the acute care setting to improve quality but also bolster the 




standard (i.e., the MDS) provides for quarterly resident assessment that only captures between 7 
and 30 days of infection events. Furthermore, the MDS documentation is not harmonized with 
CDC definitions of HAI in NHs (Nace, Drinka, & Crnich, 2014; Ryan, Gillespie, & Stuart, 2018; 
N. Stone et al., 2012; van Buul et al., 2018). Instituting policies that standardize HAI definitions 
in NHs such as requiring reporting to an entity such as the NHSN, would be welcomed and 
foundational to developing more accurate data (Stone et al., 2019). Improved data can mean 
more appropriate evidence-based solutions of this pervasive problem. Moreover, quality in NH 
has been substandard for decades, and attempts at policy-based correction where the market has 
failed have been slow and incremental (Institute of Medicine, 1986a, 2001a). Rapid evaluation 
and revision cycles are needed following policy change as well as the setting of specific quality 
improvement benchmarks (Johnson, Gustafson, Ewigman, Provost, & Roper, 2015; Zakocs, Hill, 
Brown, Wheaton, & Freire, 2015).  
Clinical. Although this dissertation centered on policy levers rather than direct clinical 
processes, health policy impacts practice, which is where improvement is observed. Indeed, in 
ICUs, other researchers have found that the presence of a state mandatory HAI reporting law was 
found to increase clinician compliance with evidence-based practices (Liu et al., 2017). There is 
a need to understand how the changes in NH policy is impacting clinical practice in this setting. 
Conclusion 
This dissertation has identified federal policies reducing infections in NH residents and 
synthesized evidence on state policies that reduced CLABSI in hospital patients. It also found 
that training and collaborative initiatives are inconsistent across the states. Clinical providers, 
administrators, local, state and federal policy makers and researchers can impact efforts to reduce 
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Appendix A: State Initiatives Grouped by Domain 






















































































Alabama yes yes yes yes 7 4 2 4 
Alaska yes no yes yes 5 3 2 3 
Arizona yes yes yes yes 5 5 5 5 
Arkansas yes yes yes no 0 4 1 4 
California yes yes yes yes 1 4 3 4 
Colorado yes yes yes yes 9 5 4 5 
Connecticut yes yes no no 0 1 1 2 
Delaware yes no no yes 1 4 1 3 
District of 
Columbia 
yes yes yes no 0 5 5 5 
Florida yes yes no yes 3 5 4 5 
Georgia yes yes yes yes 20 4 1 4 
Hawaii yes yes yes no 0 1 1 1 
Idaho yes no no yes 1 5 2 5 
Illinois yes yes yes yes 4 4 2 3 
Indiana yes yes no yes 6 5 2 4 
Iowa yes yes no no 0 3 1 3 
Kansas yes no yes no 0 3 2 3 
Kentucky yes yes yes no 0 2 1 2 
Louisiana yes no no yes 4 4 1 4 
Maine yes no yes yes 3 5 4 5 
Maryland yes yes no no 0 2 1 2 
Massachusetts yes yes no no 0 4 1 2 
Michigan yes yes yes no 0 4 5 4 
Minnesota yes yes no yes 5 5 3 4 
Mississippi yes yes no no 0 4 1 4 
Missouri yes yes no no 0 3 1 3 
Montana no yes no no 0 2 1 2 
Nebraska yes yes yes yes 2 4 3 4 
Nevada yes yes no yes 2 4 1 4 
New Hampshire yes yes no yes 1 3 1 3 




 Appendix A: Continued 
New Mexico yes yes no no 0 4 2 4 
New York yes yes no no 0 1 1 1 
North Carolina yes yes yes no 0 3 1 3 
North Dakota yes yes no yes 7 5 3 5 
Ohio yes yes no yes 2 4 1 3 
Oklahoma no no no no 0 3 1 2 
Oregon yes yes yes yes 17 5 3 5 
Pennsylvania yes yes no yes 6 3 3 3 
Rhode Island no yes yes yes 3 3 1 3 
South Carolina yes no no no 0 4 1 4 
South Dakota yes yes yes yes 13 4 2 5 
Tennessee yes yes no no 0 4 1 4 
Texas yes no yes no 0 3 1 2 
Utah yes yes yes yes 1 4 1 4 
Vermont yes yes yes yes 5 5 5 5 
Virginia yes yes yes yes 16 4 2 4 
Washington yes no no yes 32 3 1 3 
West Virginia yes yes yes yes 8 4 1 4 
Wisconsin yes yes yes no 0 5 5 5 
Wyoming no no no no 0 4 1 4 
Total count 
(mean) 
47 39 25 29 193 (3.70) (2) (3.56) 




Appendix B: Multivariable Regression Results of Each Model and Difference Between Slopes 
Catheter model Coef. Std. Err. z P>z [95% Conf. Interval] 
       
adj_total 0.0591099 0.0056555 10.45 0.000 0.0480254 0.0701944        
owner 
      
for profit 0 (base) 
    
government -0.0396860 0.0215689 -1.84 0.066 -0.0819603 0.0025884 
non profit -0.0470977 0.0140344 -3.36 0.001 -0.0746045 -0.0195908        
nhsize 
      
small <82 0 (base) 
    
medium <121 -0.4748884 0.0183835 -25.83 0.000 -0.5109194 -0.4388573 
large -0.8727888 0.0177883 -49.07 0.000 -0.9076532 -0.8379244        
time_pre -0.0198978 0.0007202 -27.63 0.000 -0.0213093 -0.0184862 
time_post -0.0170912 0.0018083 -9.45 0.000 -0.0206354 -0.0135470 
post_cfr_dummy -0.2627849 0.0090075 -29.17 0.000 -0.2804393 -0.2451305 
_cons -2.8969950 0.0265277 -109.21 0.000 -2.9489890 -2.8450020 
ln(restot) 1 (exposure) 
    
       
       
catheter Coef. Std. Err. z P>z [95% Conf. Interval] 
-1.0000000 0.0028066 0.0020707 1.36 0.175 -0.0012519 0.0068650        
       
       
UTI Model Coef. Std. Err. z P>z [95% Conf. Interval]        
adj_total 0.0797584 0.0054049 14.76 0.000 0.0691650 0.0903518        
owner 
      
for profit 0 (base) 
    
government 0.0128534 0.0239674 0.54 0.592 -0.0341219 0.0598287 
non profit 0.0506118 0.0130805 3.87 0.000 0.0249744 0.0762492        
nhsize 
      
small <82 0 (base) 
    
medium <121 -0.6092540 0.0165233 -36.87 0.000 -0.6416392 -0.5768689 
large -1.0746720 0.0168660 -63.72 0.000 -1.1077290 -1.0416150        
time_pre -0.0307492 0.0006679 -46.04 0.000 -0.0320582 -0.0294402 




Appendix B: Continued 
time_post -0.0512290 0.0017122 -29.92 0.000 -0.0545848 -0.0478732 
post_cfr_dummy -0.0486266 0.0082025 -5.93 0.000 -0.0647031 -0.0325500 
_cons -2.2203750 0.0248510 -89.35 0.000 -2.2690820 -2.1716680 
ln(restot) 1 (exposure) 
    
       
       
UTI model Coef. Std. Err. z P>z [95% Conf. Interval] 
-1.0000000 -0.0204798 0.0019471 -10.52 0.000 -0.0242961 -0.0166635        
       
       
Flu Model Coef. Std. Err. z P>z [95% Conf. Interval]        
adj_total 0.0588798 0.0017505 33.64 0.000 0.0554488 0.0623108        
owner 
      
for profit 0 (base) 
    
government 0.0112330 0.0056379 1.99 0.046 0.0001830 0.0222829 
non profit 0.0137064 0.0037711 3.63 0.000 0.0063152 0.0210977        
nhsize 
      
small <82 0 (base) 
    
medium <121 -0.3156357 0.0115611 -27.30 0.000 -0.3382951 -0.2929764 
large -0.5538673 0.0133530 -41.48 0.000 -0.5800386 -0.5276960        
time_pre 0.0030341 0.0001404 21.61 0.000 0.0027589 0.0033092 
time_post 0.0052137 0.0002729 19.11 0.000 0.0046790 0.0057485 
post_cfr_dummy 0.0016518 0.0012487 1.32 0.186 -0.0007956 0.0040992 
_cons 0.2496373 0.0109008 22.90 0.000 0.2282722 0.2710025 
ln(restot) 1 (exposure) 
    
       
       
Flu  Coef. Std. Err. z P>z [95% Conf. Interval] 
-1.0000000 0.0021797 0.0003365 6.48 0.000 0.0015201 0.0028393        
       
       
Pneumonia 
Model 
Coef. Std. Err. z P>z [95% Conf. Interval] 
       




       
Appendix B: Continued 
Owner 
      
for profit 0 (base) 
    
government 0.0181371 0.0061623 2.94 0.003 0.0060592 0.0302149 
non profit 0.0125978 0.0042231 2.98 0.003 0.0043207 0.0208750        
nhsize 
      
small <82 0 (base) 
    
medium <121 -0.3379649 0.0116965 -28.89 0.000 -0.3608897 -0.3150401 
large -0.5909912 0.0133114 -44.40 0.000 -0.6170810 -0.5649013        
time_pre 0.0008696 0.0001590 5.47 0.000 0.0005580 0.0011812 
time_post 0.0033589 0.0003157 10.64 0.000 0.0027402 0.0039777 
post_cfr_dummy 0.0129065 0.0015292 8.44 0.000 0.0099093 0.0159038 
_cons 0.2747571 0.0107346 25.60 0.000 0.2537177 0.2957966 
ln(restot) 1 (exposure) 
    
       
       
Pneumonia  Coef. Std. Err. z P>z [95% Conf. Interval] 
-1.0000000 0.0024893 0.0003872 6.43 0.000 0.0017303 0.0032483 
 
 
 
